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Introduction
This supplementary section contains a series of petrographic images, figures and raw data. Figures S1-3 show the mineralogy and level of alteration within each of the Emperor Seamounts. Figure S4 includes a BSE image of olivine phenocrysts representative of each seamount. Figure S5 plots the concentration of 3 He vs 36 Ar, indicating that there is no correlation between mantle He and atmospheric Ar indicating that atmospheric contamination is not inherent to the mantle source but was most likely added during or after formation. Figure S6 compares the halogen and noble gas elemental ratios to determine whether the samples have been contaminated from the surrounding marine environment. Table S1 presents all the He, Ne and Ar concentrations and isotopic ratios measured during each crushing step. Tables S2, presents the elemental data from each individual spot measurement from the electron microprobe. He, all noble gas isotopic ratios are atmospheric suggesting that the original mantle signature has been over-printed by atmospheric contamination (Supplementary Information). Atmospheric noble gas in mantle-derived samples can be introduced either by direct addition of atmospheric gases in the mantle source / magma chamber, or from surficial contamination during interaction with air/seawater (Broadley et al., 2017; Farley and Craig, 1994) . Evidence for the introduction of atmospheric noble gases to the mantle source has been shown by using a correlation between mantle 3 He and atmospheric 36 Ar within fluid inclusions of mantle xenoliths (Broadley et al., 2016; Matsumoto et al., 2001) . There is no clear correlation between mantle derived 3 He and atmospheric 36 Ar indicating that the addition of atmospheric noble gases to the samples did not occur within the mantle source of magma chamber where a positive correlation would be expected (Broadley et al., 2016) . Atmospheric contamination of the samples most likely occurred during eruption or continuously whilst residing in the oceanic crust. Figure S6 . Relationship between halogen and noble gas elemental ratios. 
